Background A cross-sectional study was performed in a population-based German sample (n¼13 318 children and adolescents aged 3e17) to replicate the recently reported independent association of atopic eczema (AE) and attention-deficit/hyperactivity disorder (ADHD) and to further investigate the role of environmental and behavioural factors. Methods The odds ratio (OR) was calculated with allergic comorbidity and various environmental factors considered as confounders and sleeping problems hypothesised to act as a potential effect modifier. Results The lifetime prevalence of AE and ADHD was 14.7% (male 14.4%; female 14.9%) and 4.9% (male 7.8%; female 2.0%), respectively. There was an association between ADHD and AE (OR 1.54; 95% CI 1.24 to 1.93; p<0.001), which was independent of sociodemographic factors, parental smoking, breastfeeding, number of siblings, perinatal health problems, and atopic comorbidity. Further analyses of a subgroup of 6484 children age 3e11 confirmed the hypothesis that the association between AE and ADHD was modified by sleeping problems (interaction effect AE*sleep problems OR 2.02 95% CI 1.03 to 3.97; p¼0.04). There was a strong association between AE and ADHD in children with SP (OR 2.67 95% CI 1.51 to 4.71; p¼0.001; n¼1112), but not in children without SP (OR 1.24 95% CI 0.83 to 1.84; p¼0.30; n¼5796). Conclusions ADHD and AE appear to be strongly and independently associated in children with sleeping problems, but not in children without sleeping problems. A substantial part of diagnoses met for ADHD might be engendered by the presence of AE and concomitant sleeping problems.
Attention-deficit/hyperactivity disorder (ADHD) is a frequent and highly persistent paediatric disorder of complex multifactorial aetiology. 1 ADHD affects more than 5% of all children and causes severe psychosocial maladaptation, impairment of quality of life and economic burden on social services. 2 3 Comorbidity is increasingly being recognised as an important modifier of phenotypic variance, although recent research focused on psychiatric comorbidity present in up to 87% of the children with ADHD. 4 5 For several decades there has been an ongoing discussion as to whether ADHD is associated with allergic disorders, although various studies have not resulted in conclusive evidence for the assumption. 6 However, none of those investigations controlled for the presence of atopic eczema (AE), also known as eczema or atopic dermatitis. 7 8 AE is the most prevalent chronic-inflammatory condition in children affecting up to 20% of the children at age 6 in western countries. 9 The typical itchy lesions may cause substantial psychosocial impairment and are a leading cause of sleep loss in childhood. 10e12 In the subset of patients with extrinsic AE, the itchy lesions often represent the beginning of the atopic march. 13 However, the term "atopic" might not be thoroughly appropriate, since only approximately 40% of the children with AE have increased IgE levels, and only approximately every third child with AE develops asthma or allergic rhinitis. 9 14 Recently we reported a significant association of ADHD and AE in a large population-based sample. 15 However, phenotypic variance of both ADHD and AE is known to be influenced by environmental factors that might account for the observed association. 9 16 17 In our previous report, we were unable to control for various factors, thus limitating our finding. Here, in order to replicate our finding and to further explore potential confounding and modifying factors, we analysed data from the German Health Interview and Examination Survey for Children and Adolescents (KIGGS), a nationwide representative survey on the health status of German children and adolescents with a vast amount of information on sociodemographics and health-related topics. 18 Since sleep impairment is highly prevalent in both AE and ADHD, 10 19 20 and disturbed sleep is suggestive of aggravating both symptoms of AE and ADHD, 21 22 we previously hypothesised that sleep problems may causally link both disorders. 8 15 Thus, we in particular tested our previously published hypothesis that disturbance of sleep modifies the association between ADHD and AE. 8 
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METHODS
We performed a correlational analysis utilising the public use files of the KIGGS study. 18 KIGGS was conducted from 2003 to 2006 in 167 different locations in Germany. From a total of 28 299 subjects asked to participate, 17 642 aged 0e17 years agreed (66.6%). There were no significant differences between participants and children who refused to participate in terms of sociodemographic characteristics and general health status. The public use files are available upon request from the "Robert Koch Institute" (http://rki.de/). The study was performed in accordance with the Declaration of Helsinki protocols. Informed consent was not required because all personal identifiers had been removed from the database prior to its use for research. Data from 13 318 children and adolescents aged 3e17 were included in this study. Age 0e2 years was the single exclusion criterion since, in the KIGGS study, diagnosis of ADHD is hardly reported before age 3. Data from the KIGGS study used in this investigation are based on self-administered questionnaires and standardised parental interviews conducted by trained interviewers. In case of AE, ADHD, and atopic disorders, parents reported a lifetime diagnosis met on the basis of medical examination (for ADHD: medical or psychological examination). ADHD in Germany is generally diagnosed according to the ICD-10 criteria of "hyperkinetic disorder" that largely correspond with the criteria of the DSM-IV-R definition of ADHD combined subtype. 23 24 We investigated the relationship of AE, ADHD, allergic rhinitis, asthma and a broad spectrum of behavioural and environmental covariates known or suggested to be associated with ADHD and/ or AE, such as family income, social status (low/medium/high; based on parental education, professional qualification, professional status, family net income), 25 breastfeeding (ever/never), postnatal health problems including breathing problems, maladaptation, infections, jaundice, low birth weight/premature delivery, in-patient treatment (present/absent), maternal smoking during pregnancy (ever/never), exposure to tobacco smoke at home (ever/never), number of siblings (none/one or more), parental history of atopy (absent/at least in one parent) and the living environment (urban vs rural area/small town; East vs West Germany). Logistic regression models (adjusted multivariate analysis) were fitted, testing nested models by using the likelihood ratio test. 26 Subjects with missing data in any variable included in the final model were excluded from this analysis. AE was modelled as a binary variable (ever vs never diagnosed) in the analysis. Furthermore, a preplanned hypothesis-driven subgroup analysis on effect modification by the current presence of sleeping problems was performed in a subgroup of n¼6484 children age 3e11 years with further data available with regard to presence of sleep disturbance based on parental reports. A subsequent stratified analysis was performed for significant interaction results. 26 No additional sensitivity analyses were performed. Significance level was defined at <0.05. Data were analysed using STATA version 8. Table 1 summarises the sociodemographic characteristics, data on the lifetime prevalence of ADHD, AE, allergic asthma, allergic rhinitis, family history for atopy, as well as relevant behavioural and environmental characteristics of the study sample. The mean age of the study participants was 10 years. Fifty per cent of the sample was female. The lifetime prevalence of AE and ADHD was 14.7% (n¼1952; male 14.4%; female 14.9%) and 4.9% (n¼653; male 7.8%; female 2.0%), respectively. Socio-economic status was higher in children with AE compared with children without AE and lower in children with ADHD compared with children without ADHD (table 1). As expected, AE was significantly related to allergic asthma (p<0.001) and allergic rhinitis (p<0.001). Children with ADHD also had an increased lifetime prevalence of allergic asthma (p<0.001) and trended to have a higher lifetime prevalence of allergic rhinitis (p¼0.06) (table 1).
RESULTS
The final multivariate logistic regression model including the total revealed a significant association between ADHD and AE (odds ratio (OR) 1.54; 95% CI 1.24 to 1.93; p<0.001) that was independent of comorbid allergic rhinitis (OR 0.82 95% CI 0.63 to 1.06) or asthma (OR 1.23 95% CI 0.87 to 1.72) and all further investigated environmental factors. Interestingly, positive parental history of atopy was also independently related with being ever diagnosed as having ADHD (OR 1.41; 95% CI 1.18 to 1.69) (table 2) .
The preplanned subgroup analysis confirmed that the association between ADHD and AE is modified by sleeping problems (interaction effect AE3sleep problems OR 2.02; 95% CI 1.03 to 3.97; p¼0.04; table 3). Stratified analyses suggested a strong association between AE and ADHD in children with sleeping problems (OR 2.67; 95% CI 1.51 to 4.71; p¼0.001; n¼1112), but not in children without sleeping problems (OR 1.24; 95% CI 0.83 to 1.84; p¼0.30; n¼5796). No further significant interaction effects were found. 
DISCUSSION
Statement of principal findings
We replicated our recent finding of an association between ADHD and AE in a large population-based sample, adding substantial evidence to the notion that the observed relationship is true. 15 Whereas the association was independent of various factors that are known to have impact either on the presence of AE and/or ADHD, we identified sleep impairment as the single relevant modifier of the finding. For children with sleeping problems and AE, the risk of being diagnosed as having ADHD was approximately 2.5-fold higher, whereas AE and ADHD were not significantly associated in children without sleep impairment.
Strengths and weaknesses of the study
Strengths of the study include the fact that it is based on a large population-based sample with a high recruitment rate suggesting high external validity and the extended availability on a large set of potential confounders, enabling us to eliminate various possible factors to underlie the observation. However, residual confounding cannot be completely ruled out. Based on the available data, we cannot determine the way in which sleep is disturbed.
Since the information with regard to previously met medical diagnoses is solely based on parental report, the validity and reliability of diagnoses cannot be determined and may limit the interpretation of the results. However, the prevalence rates found for ADHD and AE in the KIGGS database are commensurate to rates generally reported in the literature 3 9 indicating that the survey accurately captured the disorders under investigation.
Since we applied a correlational study design, no definite causal interpretation can be deducted from the data.
Strengths and weaknesses in relation to other studies, discussing important differences in results
Early reports regarding the co-occurrence of allergic disorders and ADHD are conflicting. Although, in one study, higher rates of attentional problems and disruptive behaviour were found in children with atopic eczema compared with controls, 27 other samples of children with a diagnosis of ADHD did not display increased rates of allergic disorders. 28 Investigations with regard to an association of ADHD and asthma returned negative results and postulated an independent familial transmission of both disorders. 29 30 In contrast, 30 clinically referred children and adolescents with ADHD displayed high rates of clinically manifest allergic rhinitis, positive skin prick tests and atopic family history; however, no control group was investigated. 31 The controlled trials by Egger et al 32 33 suggested that at least a subsample of children with diagnosis of ADHD is allergic (or rather oversensitive) to certain food components resulting in increased motor activity and attentional deficits, and so dietary restrictions may have therapeutic benefit. A meta-analysis on 15 double-blind controlled trials on the behavioural effects of artificial food colourings in children with ADHD suggested a small effect on hyperactive behaviour and attention. 34 Recent findings of a controlled trial in healthy children support this notion; 35 however, the clinical relevance of the observation remains unclear, 36 and it is as yet unknown whether allergic mechanisms underlie the suggested responsiveness to food components. 6 Although, in this regard, we had no information on alimentary habits, the strong association between AE and ADHD observed in our study can hardly be explained by the reportedly small effect exerted by the consumption of artificial food colourings.
In our previous report on the association of AE and ADHD, we suggested that the relative risk of being diagnosed as having ADHD increased with symptom severity of AE. Concomitant presence of sleep problems are suggestive as an indication of more severe AE; however, we were unable to test for this hypothesis due to the absence of a valid assessment of symptom severity in AE in our study. 37 Our approach confirmed and corroborated the recently reported association of AE and ADHD in an epidemiological sample. Thus, inconsistent results with regard to the presumptive connection between allergy and ADHD in general might have been confounded by the presence of AE, since neither sample sizes nor methods of previous studies allowed for AE to be sufficiently controlled. Furthermore, we found that sleep disturbance modified the effect, while ruling out various other possible influencing factors.
Meaning of the study: possible explanations and implications for clinicians and policymakers
ADHD is a multifactorial and heterogeneous disorder with a high familiarity and hereditability. 1 8 23 Assuming a complex aetiology, genetic factors account for approximately 80% of the phenotypic variance, 23 whereas some environmental factors, such as prenatal maternal smoking and low birth weight, have been identified as being associated with an increased risk of developing ADHD. 16 17 AE, also, is clinically heterogeneous and aetiologically complex, and results from both genetic and environmental causes. 9 On this background, our results might be interpreted in different ways. 1. Since AE most frequently occurs before ADHD symptoms develop to the full clinical picture and since AE is known to be a frequent cause for sleep disturbance in early childhood and since sleep disruption may result in disturbance of memory, poor concentration and disruptive behaviour, 10 22 38 39 AE may be causing or exacerbating ADHD symptoms ("AE-induced ADHD"). 2. ADHD symptoms cause substantial psychosocial impairment and are accompanied by a wide range of comorbid disorders such as depression, anxiety, as well as disturbance of sleep. 5 19 20 Since psychosocial and emotional stress affects the severity of AE, 21 ADHD might be an underlying cause or exacerbating factor for AE ("ADHD-induced AE"). 3. ADHD, AE and sleep disturbance share common aetiological (genetic or environmental or both) factors. In this case, all three disorders/domains might be interpreted as manifestations of a syndromal entity based on the suggestions by Jensen et al 4 ("syndrome"). 4. All three previous statements are applicable, and ADHD and AE are associated in a complex geneeenvironment interaction mediated by sleeping disorders ("complex interaction"). Due to the cross-sectional design of our study, no definite causal conclusion can be drawn in this regard. However, considering the complexity of interaction of both AE and ADHD with already known aetiological factors, we believe the effect is most probably caused by complex interaction. Parental history of atopy was associated with ADHD in the primary regression analysis possibly indicating a common genetic background of AE and ADHD; however, testing for this assumption requires large genetic studies.
Our results suggest that there may be a definite subsample of children with severe health impairment due to multiple affection with psychiatric, dermatological and sleep-related problems being at high risk for the development of comorbid disorders. These children may require combined and integrated medical diagnostic, prevention and treatment strategies. This is highly relevant for public health and for health finances, since both AE and ADHD impose a high financial burden on social services. 2 40 Unanswered questions and future research However, in order to deduct valid recommendations for clinical practise and public health services, further research on the causal relationships between AE, ADHD and concomitant sleep disturbance is required. Based on the available data, we cannot determine the specific nature of sleep disturbance. Despite our increasing understanding of the multidirectional impact of psychoneuroimmunology linking sleep, depression and stress with immune function, to date the presumptive aetiological mechanisms that may explain our finding remain speculative. 41 In order to determine the developmental trajectories of AE, ADHD and SP, we propose the inclusion of child psychiatric and dermatological assessments in birth cohort studies.
What is already known on this subject < Atopic eczema (AE) and attention-deficit/hyperactivity disorder (ADHD) are frequent and highly impairing childhood conditions imposing a substantial financial burden on social services. < Recently, an association between AE and ADHD was reported.
What this study adds < Whereas atopic comorbidity and various environmental factors did not account for the replicated association of AE and ADHD, the presence of sleep problems modified the relationship. < Children with AE and concomitant sleep disturbance have a more than 2.5-fold increased risk of being diagnosed as having ADHD. < The relationship between AE and ADHD modified by sleep problems might be of high relevance for public health and requires aetiological clarification to identify adequate preventive and therapeutic strategies.
